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Self-Coiling of Ag ,V40;:; Nanobelts into Perfect Nanorings and Microloops
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Direct fabrication of complex nanoarchitectures with controlled
morphology, orientation, and dimensionality has attracted much
attention because such control is critical in investigating the shape
and structural dependence of many applications, developing new
pathways for materials synthesis and new applications of nano- y
structured materiafs:® /

Helical structures are the most fundamental structural configura- N, i
tions for proteins, RNAs, and many other biomolecules. Recently,
helical structures were also observed for a number of inorganic
materials: for example, ZnO nanosprings, nanospirals, nanohelixes,
and nanoring§;1° carbon nanotube coild, amorphous silica
nanospringd? SiC nanospring& InP nanospringt AIN nanorings
and nanospring®, SnG; rings, springs, and spiralé Among these
helical structures, perfect free-standing rings formed by the self-
coiling of nanobelts are the most outstanding mempefsts16
Howevgr, to Fhe best of our knowledge, all such kinFIs of rings are Figure 1. (a—e) Representative SEM images of the obtained\A@1:
synthesized in the gas phase processes at very high temperaturéyanorings. (f) EDS spectrum of the AgO:1 nanorings.

No report on the solution synthesis of such self-coiled free-standing
rings could be found.

In this communication, we report on the first discovery of
Ag.V 404, nanorings and microloops formed by the self-coiling of
Ag.V40;; nanobelts under hydrothermal process, without the use
of any template or organic surfactant. The;¥gO;1 nanorings are
formed by the self-coiling of one single-crystalline [3agrown
Ag,V 404 nanobelt, while the microloops were formed by several
nanobelts.

Ag,V401; nanorings and microloops were synthesized in a
hydrothermal process by the reaction between Agld@d \-Os
powders in distilled water at 170C for 12 h (Supporting
Information). After reaction, the structure of the obtained sample
was checked using XRD. The results reveal the formation of pure
monoclinic AgV 401, structure with lattice parameters consist with .
the literature. Figure 2. (a—b) SEM images of the Afy 4011 microtube-like loops formed

The morphology of the sample was checked by scanning electronP¥ rolling of nanobelts. (ed) SEM images of the A% .01 microloops

. . . by rolling of several nanobelts.
microscopy (SEM). A low-magnification SEM image shows that
the dominant components of the synthesized sample are nanobelt$Pectrum is shown in Figure 1f. It shows the presence of Ag, V,
with a uniform size distribution, but a significant amount of and O, confirming the formation of AY4Ox;.
nanobelts has ring or loop shapes. The process is of high Figure 2 shows the SEM image of the synthesized\A@1.
reproducibility from run to run ¥90%), though the yield of ~ Microloops. Mainly two kinds of loops exist in the product. One is
nanorings and loops is relatively not very high. High-magnification the microtube-like loop with uniform diameter along the whole tube
SEM images of typical Ag/4O1; nanorings are shown in Figure (Figure 2a-c), and the other is a microloop with varied diameter
la—e with different view directions. It can be seen that all the (Figure 2a-f). It is noted that both the two kinds of microloops
Ag,V4011 nanorings have perfect circular shape of complete rings have hollow cavities as indicated in these images.
with uniform shapes and flat surfaces. Typical nanorings have  The morphology and microstructures of the interestingVA@:.
diameters of 35 um and thin and wide shells with a thickness of structures were further studied using HRTEM and selected area
~30-50 nm. Composition of the formed nanorings was checked electron diffraction (SAED). Figure 3a shows the TEM image of a

using an X-ray energy dispersive spectrometer (EDS), and the single AgV 401, ring with a radius of about am. The correspond-
ing SAED pattern shown in the inset shows the single-crystal nature

t Nanoscale Materials Center. of the whole ring. That is to say, the complete ring is made Qf a
* Photocatalytic Materials Center. single-crystalline ribbon bent evenly at the curvature of the ring.
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octahedrons (Supporting Information, Figure S3a). When grown
in hydrothermal process, thin, straight, polar surface-dominated
Ag2V401; nanobelts along the [3)2planes are formed first
(Supporting Information, Figure S3b). The spontaneous polarization-
induced electrostatic energy can decrease by self-rolling into a
circular ring due to the neutralization of the dipole moment. When
the spontaneous polarization-induced electrostatic energy is larger
than the elasticity energy, the straight nanobelts tend to self-coil
into a circle structure. To confirm the above hypothesis, the
intermediate product by reaction at shorter time (5 h) was checked.
From the SEM images (Supporting Information, Figure S4), the
ends and the screw coiling of the Ag;O1; nanobelts are clearly

- : : - seen, accompanied by the TEM image in Figure 3b inset, verifying
Figure 3. (a) TEM image of a single Afy/ 4011 nanoring and its SAED our proposed self-coiling growth process.

pattern. (b) High-magnification image showing the belt morphology. (c) . . .
Top view of a single AgV 4011 nanoring. (d) HRTEM image taken from a In summary, we synthesized AgO rings and loops in a

Ag2V 4011 nanoring. (e,g) TEM image and its SAED pattern of a¥gD11 simple hydrothermal process. Both the rings and loops are formed
loop. (f) TEM image of a complex Aty 4011 loop. (h) High-magnification by the self-coiling of AgV4O1; nanobelts, which have growth
TEM image of the tip of the loop in part f. directions along the [3Qalirection. By varying the experimental

From this image, it also can be seen that, although the ring has acondltlons, such as using surfactants, controlling temperatures, etc.,

very large radius, its thickness is very thin-a0 nm. The ribbon we are currently working on the improvement of the yield of the

shape is clearly shown in Figure 3b. An enlarged image of the over- interesting AgV4Ox rings and loops. With the improvement of
lapping ends of the loop is shown in the inset, which suggests the yield, chemical and physical properties of these structures may be
possible self-coiling of a single nanobelt into rings. The extremely measured.

thin thickness of the ring can be further seen from the top-view  Acknowledgment. We thank Dr. C. H. Ye at the Institute for
TEM image in Figure 3c. The ring shown in this image has aradius Solid State Physics, Chinese Academy of Science, for helpful
of ~4 um, while the thickness is thinner than 50 nm, in agreement discussions.

with the SEM results. Figure 3d shows a typical HRTEM image
of a single AgV401; hanoring. The clear lattice image indicates
the high crystallinity and single-crystalline nature of the;¥g0:1
nanoring. A lattice spacing of 0.59 nm for the [2qlane of the
monoclinic AgV 404 structure can be readily resolved. Combined
with the SAED pattern in Figure 3a, it is clear that the as-
synthesized AgV 4011 nanoring is single crystal with the preferred
orientation along the [3Q2plane. TEM images of the tube-like
microloop and diameter-varied microloop are shown in Figure 3¢ References
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